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CATHETER SHAFT ASSEMBLY 

Related Applications 
The present application is related to U.S. Patent Application Serial 

|yfo , filed by the same assignee on even date herewith and entitled 

5 "Tortuose Path Injection Device and Method." The present application is also related to 

U.S. Patent AppHcation Serial No. , filed by the same assignee on 

even date herewith and entitled "Controlled Depth Injection Device and Method." 

Field of the Invention 
The present invention relates generally to intravascular catheters for performing 
10 medical procedures. More particularly, the present invention relates to shaft assemblies 
for used in intravascular catheters. Still, more particularly, the present invention relates 
to catheter shaft assembhes for use in injection catheters. 

Background of the Invention 
Intravascular catheters are currently utilized in a wide variety of minimally- 
15 invasive or percutaneous medical procedures. Generally, an intravascular catheter 
enables a physician to remotely perform a medical procedure by inserting the catheter 
into the vascular system of the patient at an easily accessible location and navigating the 
tip of the catheter to a desirable target site. By this method, virtually any target site in the 
patient's vascular system may be remotely accessed. 
20 Typically, a percutaneous procedure begins with the step of inserting a distal 

portion of the catheter into the patient's vasculature at a convenient location. Once the 
distal portion of the catheter has entered the patient's vascular system the physician may 
urge the distal tip forward by applying longitudinal forces to the proximal portion of the 
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catheter. Frequently the path taken by a catheter through the vascular system is tortuous, 
requiring the catheter to change direction frequently. While advancing the catheter 
through the tortuous path of the patient's vasculature, the physician must steer the distal 
end of the catheter. During a percutaneous procedure, the physician typically is not able 
5 to manipulate the distal portion of the catheter directly. For this reason, physicians 
typically must steer the distal end of the catheter by applying torsional forces to the 
proximal portion of the catheter. 

Injection catheters are a type of catheter which may be used to inject therapeutic 
or diagnostic agents into various target tissues within the human body. An advantage of 
10 injection catheters is that the target tissue may be accessed utiHzing minimally invasive 
surgical techniques. As with other types of catheters, the physician typically is not able 
to manipulate the distal portion of an injection catheter directly. 

In many applications the target tissue is within a wall of an organ such as the 
stomach or the heart. When the target tissue is within the wall of an organ it is often 
15 desirable to inject the therapeutic or diagnostic agent into the tissue proximate the center 
of the organ wall. If the needle of the injection catheter inadvertently passes through the 
wall, the therapeutic or diagnostic agents dispensed from the distal end of the needle will 
not be effectively delivered to the target tissue. 

One example of a medical procedure involving the delivery of a therapeutic 
20 and/or diagnostic agent to a targeted portion of a patient's body is the treatment of 
esophageal varicies. This is a condition in which blood vessels of the esophagus are 
enlarged and may potentially burst. For such a procedure, a therapeutic agent is injected 
into the varix. When treating an esophageal varix, the agent may be a coagulant such as 
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sodium morrhuate. When a coagulant is injected into a varix, it causes it to occlude. An 
injection catheter may be used to deUver the therapeutic agent in order to minimize the 
invasive nature of the procedure. 

In a similar procedure, an injection catheter may be utihzed in the treatment of 
5 ulcers in the stomach lining. With such treatment, an injection catheter may be used to 
dehver drugs such as sclerosing or vasoconstrictive agents. These drugs typically clot or 
occlude the bleeding tissue to stop bleeding or to reduce the possibihty of a blood vessel 
bursting. 

Injection catheters may also be used to inject therapeutic or diagnostic agents into 
10 the heart. Examples of agents delivered to the heart include genes, proteins, or drags. In 
the case of injecting a therapeutic agent into the heart, 27 or 28 gauge needles are 
generally used to inject solutions carrying genes, proteins, or drags directly into the 
myocardiimi. A typical volume of an agent delivered to an injection site is about 100 
microliters. 

15 Therapeutic and diagnostic agents may be delivered to a portion of the heart as 

part of a percutaneous myocardial revascularization (PMR) procedure. PMR is a 
procedure which is aimed at assuring that the heart is properly oxygenated. Assuring that 
the heart muscle is adequately suppHed with oxygen is critical to sustaining the Ufe of a 
patient. To receive an adequate supply of oxygen, the heart muscle must be well 

20 perfused with blood. In a healthy heart, blood perfusion is accomplished with a system 
of blood vessels and capillaries. However, it is common for the blood vessels to become 
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occluded (blocked) or stenotic (narrowed). A stenosis may be formed by an atheroma 
which is typically a harder, calcified substance which forms on the walls of a blood 
vessel. 

Historically, individual stenotic lesions have been treated with a number of 
5 medical procedures including coronary bypass surgery, angioplasty, and atherectomy. 
Coronary bypass surgery typically involves utihzing vascular tissue from another part of 
the patient's body to construct a shunt around the obstructed vessel. Angioplasty 
techniques such as percutaneous transluminal angioplasty (PTA) and percutaneous 
transluminal coronary angioplasty (PTCA) are relatively non-invasive methods of 
10 treating a stenotic lesion. These angioplasty techniques typically involve the use of a 
guidewire and a balloon catheter, hi these procedures, a balloon catheter is advanced 
over a guidewire such that the balloon is positioned proximate a restriction in a diseased 
vessel. The balloon is then inflated and the restriction in the vessel is opened. A third 
technique which may be used to treat a stenotic lesion is atherectomy. During an 
15 atherectomy procedure, the stenotic lesion is mechanically cut or abraded away from the 
blood vessel wall. 

Coronary by-pass, angioplasty, and atherectomy procedures have all been found 
effective in treating individual stenotic lesions in relatively large blood vessels. 
However, the heart muscle is perfused with blood through a network of small vessels and 
20 capillaries. In some cases, a large number of stenotic lesions may occur in a large 
number of locations throughout this network of small blood vessels and capillaries. The 
torturous path and small diameter of these blood vessels limit access to the stenotic 
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lesions. The sheer number and small size of these stenotic lesions make techniques such 
as cardiovascular by-pass surgery, angioplasty, and atherectomy impractical 

When techniques which treat individual lesion are not practical percutaneous 
myocardial revascularization (PMR) may be used to improve the oxygenation of the 

5 myocardial tissue. A PMR procedure generally involves the creation of holes, craters or 
channels directly into the myocardium of the heart. In a typical PMR procedure, these 
holes are created using radio frequency energy dehvered by a catheter having one or 
more electrodes near its distal end. After the wound has been created, therapeutic agents 
are sometimes ejected into the heart chamber from the distal end of a catheter. 

10 Positive clinical results have been demonstrated in human patients receiving PMR 

treatments. These results are beheved to be caused in part by blood flowing within a 
heart chamber through channels in myocardial tissue formed by PMR. Increased blood 
flow to the myocardium is also believed to be caused in part by the heahng response to 
wound formation. Specifically, the formation of new blood vessels is beheved to occur 

15 in response to the newly created wound. This response is sometimes referred to as 
angiogenisis. After the wound has been created, therapeutic agents which are intended to 
promote angiogenisis are sometimes ejected into the heart chamber. A limitation of this 
procedure is that the therapeutic agent may be quickly carried away by the flow of blood 
through the heart. 

20 In addition to promoting increased blood flow, it is also beheved that PMR 

improves a patient's condition through denervation. Denervation is the ehmination of 
nerves. The creation of wounds during a PMR procedure results in the elimination of 
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nerve endings which were previously sending pain signals to the brain as a result of 
hibernating tissue. 

Summary of the Invention 
The present invention relates generally to intravascular catheters for performing 
5 medical procedures. More particularly, the present invention relates to shaft assembhes 
for used in intravascular catheters. Still, more particularly, the present invention relates 
to catheter shaft assemblies for use in injection catheters. 

A shaft assembly in accordance with an exemplary embodiment of the present 
invention comprises a first elongate shaft having an mner surface defining a lumen, a 
10 second elongate shaft slidingly disposed within the lumen of the first elongate shaft, and 
an interstitial member disposed between the hmer surface of the fu-st elongate shaft and 
the outer surface of the second elongate shaft. 

In one embodiment of a shaft assembly in accordance with the present invention a 
plurality of longitudinal ribs extend beyond an inner surface of the first elongate shaft. 
1 5 These longitudinal ribs preferably contact the outer surface of the second elongate shaft. 

In an additional embodiment of a shaft assembly m accordance with the present 
invention a radial rib extends beyond the inner surface of the first elongate shaft. The 
radial rib preferably contacts the outer surface of the second elongate shaft. When the 
radial rib is in contact with outer surface of second elongate shaft there is preferably no 
20 substantial gap between the radial rib and the outer surface of the second elongate shaft. 

An additional embodiment of a shaft assembly in accordance with the present 
invention includes a coil comprising a wire forming a plurality of turns. Each turn of the 
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coil is disposed between the inner surface of the first elongate shaft and the outer surface 

of the second elongate shaft. 

In an additional embodiment of a shaft assembly in accordance with the present 

invention the second elongate shaft has a plurahty of projections extending beyond the 
5 outer surface of the second elongate shaft. When the second elongate shaft is disposed 

within the lumen defined by the first elongate shaft, these projections preferably contact 

the inner surface of the first elongate shaft. 

An injection catheter in accordance with an exemplary embodiment of the present 

invention includes a first elongate shaft having an inner surface defining a lumen. A 
10 second elongate shaft having an outer surface is slidingly disposed within the lumen of 

the first elongate shaft. In this exemplary embodiment, the second elongate shaft 

includes a point and an injection orifice proximate it's distal end. Also in this exemplary 

embodiment, an interstitial member is disposed between the inner surface of the first 

elongate shaft and the outer surface of the second elongate. 
15 In many appUcations it is desirable to advance the distal end of the second 

elongate shaft by a known distance relative to the distal end of the first elongate shaft. 

For example, when a physician wishes to inject a fluid into the wall of an organ. In one 

embodiment of a catheter in accordance with the present invention, a shder is fixed to the 

second elongate shaft proximate the proximal end thereof. Also in this embodiment, a 
20 portion of the slider is disposed within a cavity defined by a housing which is preferably 

fixed to the first elongate shaft proximate the proximal end thereof Also in a preferred 

embodiment, a plurality of indicia are disposed on a face of the housing proximate the 

slider. 
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A physician utilizing the catheter in a surgical procedure may move the distal end 
of the second elongate shaft a known distance relative to the distal end of the first 
elongate shaft. For example, a physician may urge the shder distally while visually 
observing the travel of the slider relative to the indicia of the housing. The movement of 

5 the slider is translated via the second elongate shaft to the distal end thereof. 

In a preferred embodiment there is substantially a one-to-one relationship between 
the movement of the slider relative to the indicia of the housing and the movement of the 
distal end of the second elongate shaft relative to the distal end of the first elongate shaft. 
In a particularly preferred embodiment, the presence of an interstitial member between 

10 the outer surface of the second elongate shaft and the inner surface of the first elongate 
shaft directs the motion of the second elongate shaft in a substantially longitudinal 
direction. Also in a particularly preferred embodiment, the presence of the interstitial 
member between the outer surface of the second elongate shaft and the inner surface of 
the first elongate shaft substantially precludes lateral movement of the second elongate 

15 shaft relative to the first elongate shaft. Thus, it is assured that there will be substantially 
a one-to-one relationship between the movement of the shder relative to the indicia of the 
housing and the movement of the distal end of the second elongate shaft relative to the 
distal end of the first elongate shaft. 

Brief Description of the Drawings 

20 Figure 1 is a plan view of a catheter including a shaft assembly in accordance 

with the present invention; 

Figure 2 is a diagrammatic view including the catheter of figure 1 and a patient; 
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Figure 3 is a lateral cross section view of the shaft assembly of the catheter of 
figure 1 and figure 2; 

Figure 4 is a partial cross section view of an additional embodiment of a shaft 
assembly in accordance with the present invention; 
5 Figure 5 is a partial cross section view of an additional embodiment of a shaft 

assembly in accordance with the present invention; 

Figure 6 is a partial cross section view of an additional embodiment of a shaft 
assembly in accordance with the present invention; 

Figure 7 is a partial cross section view of an additional embodiment of a shaft 
10 assembly in accordance with the present invention; 

Figure 8 is a plan view of an additional embodiment of a catheter in accordance 
with the present invention; 

Figure 9 is a cross sectional view of a distal portion of a catheter in accordance 
with the present invention; 
15 Figure 10 is a plan view of a catheter including a shaft assembly in accordance 

with the present invention; 

Figure 11 is a partial cross section view of a distal portion of the catheter of figure 

10; and 

Figure 12 is a partial cross section view of a distal portion of the catheter of figure 

20 10. 
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Detailed Description of the Invention 
The following detailed description should be read with reference to the drawings, 
in which like elements in different drawings are numbered in like fashion. The drawings 
which are not necessarily to scale, depict selected embodiments and are not intended to 
5 limit the scope of the invention. In some cases, the drawings may be highly 
diagrammatic in nature. Examples of constructions, materials, dimensions, and 
manufacturing processes are provided for various elements. Those skilled in the art will 
recognize that many of the examples provided have suitable alternatives which may be 
utilized. 

10 Figure 1 is a plan view of a catheter 120 including a shaft assembly 122 in 

accordance with the present invention. Shaft assembly 122 comprises a first elongate 
shaft 124 having a distal end 134, a proximal end 144, and an inner surface 154 defining 
a lumen 132. Shaft assembly 122 also includes a second elongate shaft 126 slidingly 
disposed within lumen 132 of first elongate shaft 124. Catheter 120 also includes a distal 

15 end 130, and a proximal end 140. 

Second elongate shaft 126 has an outer surface 138, distal end 136, and a 
proximal end 146. In many applications it is desirable to advance distal end 136 of 
second elongate shaft 126 by a known distance relative to distal end 134 of first elongate 
shaft 124. In the embodiment of figure 1, a shder 142 is fixed to second elongate shaft 

20 126 proximate proximal end 146 thereof In the embodiment of figure 1, a portion of 
shder 142 is disposed within a cavity 148 defined by a housing 150. In a presently 
preferred embodiment, housing 150 is fixed to first elongate shaft 124 proximate 
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proximal end 144 thereof. Also in a preferred embodiment, a plurality of indicia 152 are 
disposed on a face 154 of housing 150 proximate slider 142. 

A physician utilizing catheter 120 in a surgical procedure may move distal end 
136 of second elongate shaft 126 a known distance relative to distal end 134 of first 

5 elongate shaft 124. For example, a physician may urge slider 142 distally while visually 
observing the travel of slider 142 relative to indicia 152 of housing 150. The movement 
of slider 142 is translated via second elongate shaft 126 to distal end 136 thereof. 

In a preferred embodiment there is substantially a one-to-one relationship between 
the movement of slider 142 relative to indicia 152 of housing 150 and the movement of 

10 distal end 136 of second elongate shaft 126 relative to distal end 134 of first elongate 
shaft 124. In a particularly preferred embodiment, the presence of an interstitial member 
156 between outer surface 138 of second elongate shaft 126 and inner surface 154 of first 
elongate shaft 124 directs the motion of second elongate shaft 126 in a substantially 
longitudinal direction. Also in a particularly preferred embodiment, the presence of 

15 interstitial member 156 between outer surface 138 of second elongate shaft 126 and inner 
surface 154 of first elongate shaft 124 substantially precludes lateral movement of second 
elongate shaft 126 relative to first elongate shaft 124. Thus, it is assured that there will 
be substantially a one-to-one relationship between the movement of slider 142 relative to 
indicia 152 of housing 150 and the movement of distal end 136 of second elongate shaft 

20 126 relative to distal end 1 34 of first elongate shaft 124. 

In the embodiment of figure 1, second elongate shaft 126 forms a point 158 
proximate distal end 136 thereof Second elongate shaft also defines an injection port 
160 proximate point 158. A hub 164 is disposed about second elongate shaft 126 
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proximate proximal end 146 thereof. Hub 164 defines a proximal port 166. In a 
preferred embodiment, proximal port 166 is in fluid communication with injection port 
160 via an injection lumen 162 defined by second elongate shaft 126. 

Catheter 120 of figure 1 may be generally referred to as an injection catheter. It is 
5 to be appreciated that a catheter in accordance with the present invention may comprise 
various types of catheters without deviating from the spirit and scope of the present 
invention. 

In a preferred embodiment, second elongate shaft 126 of catheter 120 comprises 
hypodermic tubing. Second elongate shaft 126 may comprise various metalHc and non- 
JS; 10 metallic materials without deviating from the spirit and scope of the present invention, 
ili Examples of metallic materials which may be suitable in some applications include 
O stainless steel, and nickel-titanium alloy. Examples of non-metaUic materials which may 
W be suitable m some applications are included in the Ust below which is not exhaustive: 
2 polycarbonate, poly(L-lactide) (PLLA), poly(D,L-lactide) (PLA), polyglycolide (PGA), 

y 15 poly(L-lactide-co-D,L-lactide) (PLLA/PLA), poly(L-lactide-co-glycolide) (PLLA/PGA), 
n poly(D, L-lactide-co-glycolide) (PLAyPGA), poly(glycolide-co-trimethylene carbonate) 

(PGA/PTMC), polyethylene oxide (PEO), polydioxanone (PDS), polycaprolactone 
(PCL), polyhydroxylbutyrate (PHBT), poly(phosphazene), polyD,L-lactide-co- 
caprolactone) (PLA/PCL), poly(glycoHde-co-caprolactone) (PGA/PCL), polyanhydrides 
20 (PAN), poly(ortho esters), poly(phoshate ester), poly(amino acid), poly(hydroxy 
butyrate), polyacrylate, polyacrylamid, poly(hydroxyethyl methacrylate), polyurethane, 
polysiloxane and their copolymers. 
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In a preferred embodiment, first elongate shaft 124 of catheter 120 comprises an 
elongate tubular member including a reinforcement member (e.g., braided or coiled 
wire). Second elongate shaft 126 may comprise various metallic and non-metallic 
materials without deviating from the spirit and scope of the present invention. Examples 

5 of metallic materials which may be suitable in some applications include stainless steel, 
and nickel-titanium alloy. Examples of non-metallic materials which may be suitable in 
some applications include: polyethylene (PE), polypropylene (PP), polyvinylchloride 
(PVC), polyurethane, polytetrafluoroethylene (PTFE), polyether block amide (PEBA), 
polyamide, and polyimide. 

10 Figure 2 is a diagrammatic view including catheter 120 of figure 1 and a patient 

20. Patient 20 has a heart 22 and a vascular system 24 including a blood vessel 26 
defining a blood vessel lumen 28. An access sheath 30 is partially disposed within a leg 
32 of patient 20. A distal end of access sheath 30 is disposed within blood vessel lumen 
28 of blood vessel 26. Access sheath 30 may aid in the introduction of catheter 120 into 

15 blood vessel lumen 28. 

As shown in figure 2, a portion of catheter 120 is disposed within blood vessel 
lumen 28 of blood vessel 26. Distal end 130 (not visible in figure 2) of catheter 120 is 
disposed within heart 22 of patient 20. In a preferred embodiment, distal end 130 of 
catheter 120 is disposed proximate a wall of heart 22. 

20 In the embodiment of figure 2, a fluid source 34 is coupled to hub 164 disposed 

about second elongate shaft 126 of catheter 120. In the embodiment of figure 2, fluid 
source 34 includes a variable volume chamber 36 defined by a body 38. In a preferred 
embodiment, variable volume chamber 36 is in fluid communication with injection lumen 
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162 of second elongate shaft 126, A plunger 40 is slidingly disposed within variable 
volume chamber 36. Urging the plunger distally has the effect of urging fluid into 
injection lumen 162 of second elongate shaft 126. A number of energy sources may be 
utilized to urge plunger 40 distally. Energy sources which may be suitable in some 

5 appUcations include springs, compressed gas, a human being, and electricity. Various 
additional embodiments of fluid source 34 are possible without deviating from the spirit 
and scope of the present invention. Examples of fluid sources which may be suitable in 
some apphcations include syringes, peristaltic pumps, and an LV. bag with pressure 
applied to an outer surface thereof 

10 A method of injecting a fluid into heart 22 of patient 20 may be described with 

reference to figure 2. The distal end of access sheath 30 may be inserted into blood 
vessel lumen 28 of blood vessel 26. Distal end 130 of catheter 120 may be inserted into 
the lumen of access sheath 30. Distal end 130 of catheter 120 may be advanced through 
access sheath 30 and into blood vessel lumen 28 of blood vessel 26. Catheter 120 may be 

15 urged forward through vascular system 24 of patient 20 until distal end 130 is proximate 
the target tissue (e.g., a wall of heart 22). In figure 2 it may be appreciated that shaft 
assembly 122 of catheter 120 is bent in a plurality of locations to conform with a tortuous 
path defined by vascular system 24. 

In a preferred method, distal end 136 of second elongate shaft 126 is disposed 

20 within lumen 132 of first elongate shaft 124 during the above steps. Once distal end 130 
of catheter 120 is positioned proximate the target tissue, second elongate shaft 126 may 
be advanced so that point 158 penetrates the bodily tissue at the target site. With 
injection port 160 of second elongate shaft 126 disposed within the target tissue, fluid 


14 


may be urged into the target tissue. For example, force may be applied to plunger 40 
urging fluid out of fluid source 34 and into injection lumen 162 of second elongate shaft 
126. The addition of fluid from fluid source 34 results in the injection of fluid into the 
target tissue. 

5 In many apphcations it is desirable to advance point 158 and injection port 160 

into the target tissue by a known distance, A physician may advance point 158 and 
injection port 160 into the target tissue by urging slider 142 distally. A physician may 
determine the depth of penetration by visually observing the travel of sHder 142 relative 
to indicia 152 of housing 150. 
^ 10 The movement of slider 142 is translated via second elongate shaft 126 to point 

158 formed by second elongate shaft 126 proximate the distal end 136 thereof In a 
C preferred embodiment there is substantially a one-to-one relationship between the 
U movement of shder 142 relative to indicia 152 of housing 150 and the movement of distal 
JS end 136 of second elongate shaft 126 relative to distal end 134 of first elongate shaft 124. 
y 15 In a particularly preferred embodiment, the presence of interstitial member 156 between 
S outer surface 138 of second elongate shaft 126 and inner surface 154 of first elongate 

shaft 124 directs the motion of second elongate shaft 126 in a substantially longitudinal 
direction. 

The fluid injected into the target area may include various therapeutic or 
20 diagnostic agents adapted to treat the medical condition which the physician is treating. 
It is to be appreciated that methods in accordance with the present invention may be used 
in the treatment of a number of medical conditions. For example, methods and devices of 
performing percutaneous myocardial revascularization (PMR) in accordance with the 
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present invention have been envisioned. For example, a plurality of wounds may be 
created in hibernating tissue of the heart. These wounds may be created by injecting a 
fluid into the tissue of the heart. As a result of these wounds, there will be increased 
blood flow to the myocardium caused in part by the body's healing response to the 

5 wound. One heahng response of the body is sometimes referred to as angiogenisis. In 
addition to promoting increased blood flow, it is also believed that PMR improves a 
patient's condition through denervation. Denervation is the ehmination of nerves. The 
creation of wounds during this procedure results in the elimination of nerve endings 
which were previously sending pain signals to the brain as a result of hibernating tissue. 

10 Suitable wounds may be created by injecting a fluid such as water, saline, or 

ringers solution into the heart tissue. Wound formation and revascularization of 
myocardial tissue may enhanced by injecting a fluid including a therapeutic agent into the 
tissue of the heart. Examples, of therapeutic agents which may be suitable include 
growth factors, drugs and caustic agents. The fluid injected into the heart tissue may also 

15 include a radiopaque material. Injecting a radiopaque material into the wound effectively 
marks the locations which have been treated. This will aid the physician in procedures 
which are being performed percutaneously using fluoroscopic equipment. 

In the exemplary embodiment of figure 2, catheter 120 may be utiUzed to inject 
fluid into heart 22 of patient 20. It is to be appreciated that catheter 120 may by utiUzed 

20 in the treatment various medical conditions occurring in various locations in the body. 
For example, catheter 120 may be used in the treatment of esophageal varicies, a 
condition in which blood vessels of the esophagus are enlarged and may potentially burst. 
For such a procedure, injection port 160 would be disposed proximate the enlarged varix 
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and an appropriate agent would be injected into the varix. When treating an esophageal 
varice, the agent may be a coagulant such as sodimn morrhuate. When a coagulant is 
injected into a varix, it causes the occlusion thereof. 

Figure 3 is a lateral cross section view of shaft assembly 122 of catheter 120 of 

5 figure 1 and figure 2. As described above, shaft assembly 122 includes second elongate 
shaft 126 which is disposed within lumen 132 defined by first elongate shaft 124. In 
figure 3 it may be appreciated that a plurahty of interstitial members 156 extend between 
first elongate shaft 124 and second elongate shaft 126. In the embodiment of figure 3, 
each interstitial member comprises a longitudinal rib 168. Each longitudinal rib 168 

10 extends beyond an inner surface 154 of first elongate shaft 124 and contacts an outer 
surface 138 of second elongate shaft 126. Since longitudinal ribs 168 are in contact with 
outer surface 138 of second elongate shaft 126 it may be appreciated that there is 
substantially no gap between longitudinal ribs 168 and second elongate shaft 126. In a 
presently preferred embodiment, the gap between second elongate shaft 126 and each 

15 longitudinal rib 168 is, for example, between zero and 0.05 mm. Embodiments of the 
present invention are possible in which there is an interference fit between longitudinal 
ribs 168 and second elongate shaft 126. hi figure 3, it may also be appreciated that 
second elongate shaft 126 defines an injection lumen 162. 

Figure 4 is a partial cross section view of an additional embodiment of a shaft 

20 assembly 222 in accordance with the present invention. Shaft assembly 222 includes a 
second elongate shaft 226 disposed within a lumen 232 defined by an inner surface 254 
of a first elongate shaft 224. First elongate shaft 224 also includes a plurahty of 
interstitial members 256 extending beyond inner surface 254 of first elongate shaft 224. 
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In the embodiment of figure 4, each interstitial member comprises a radial rib 270. As 
shown in figure 4, each radial rib 270 contacts an outer surface 238 of second elongate 
shaft 226. Since radial ribs 270 are in contact with outer surface 238 of second elongate 
shaft 226 it may be appreciated that there is substantially no gap between radial ribs 270 

5 and second elongate shaft 226. In a presently preferred embodiment, the gap between 
second elongate shaft 226 and each radial rib 270 is, for example, between zero and 0.05 
mm. Embodiments of the present invention are possible in which there is an interference 
fit between radial ribs 270 and second elongate shaft 226. 

Figure 5 is a partial cross section view of an additional embodiment of a shaft 

10 assembly 322 in accordance with the present invention. Shaft assembly 322 includes a 
first elongate shaft 324 having a lumen 332 defined by an inner surface 354 thereof. A 
second elongate shaft 326 and an interstitial member 356 are disposed within lumen 332 
of first elongate shaft 324. In the embodiment of figure 5, interstitial member comprises a 
coil 372 comprising a wire 376 forming a plurality of turns 374. As shown in figure 5, 

15 each turn 374 of coil 372 is disposed between inner surface 354 of first elongate shaft 324 
and outer surface 338 of second elongate shaft 326. In the embodiment of figure 5, each 
turn 374 is in contact with inner surface 354 of first elongate shaft 324 and outer surface 
338 of second elongate shaft 326. 

Figure 6 is a partial cross section view of an additional embodiment of a shaft 

20 assembly 422 in accordance with the present invention. Shaft assembly 422 includes a 
first elongate shaft 424 having a lumen 432 defined by an inner surface 454 thereof A 
second elongate shaft 426 and an interstitial member 456 are disposed within lumen 432 
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of first elongate shaft 424. In the embodiment of figure 6, interstitial member comprises a 
coil 472 comprising a wire 476 forming a plurality of turns 474. 

In the embodiment of figure 6, coil 472 has a first pitch diameter A and a second 
pitch diameter B. In the embodiment of figure 6, coil 472 is preferrably adapted to 
5 contact outer surface 438 of second elongate shaft 426 with a plurality of tums 474. Also 
in the embodiment of figure 6, coil 472 is preferably adapted to contact inner surface 454 
of first elongate shaft 424 with a plurality of tums. For example, first pitch diameter A 
may be pre-selected such that a pluraUty of txims 474 of coil 472 will contact outer 
surface 438 of second elongate shaft 426. By way of a second example, second pitch 

3 10 diameter B may be pre-selected such that a plurality of tums 474 of coil 472 will contact 

U inner surface 454 of first elongate shaft 424. 

O Figure 7 is a partial cross section view of an additional embodiment of a shaft 

assembly 522 in accordance with the present invention. Shaft assembly 522 includes a 
^ first elongate shaft 524 having a lumen 532 defined by an inner surface 554 thereof. A 

m 15 second elongate shaft 526 is disposed within lumen 532 of first elongate shaft 524, 
p Second elongate shaft 526 includes an outer surface 538 and a plurahty of interstitial 

members 556. In the embodiment of figure 7, each interstitial member 556 comprises a 
projection 578 extending beyond outer surface 538 of second elongate shaft 526. 

Figure 8 is a plan view of an additional embodiment of a catheter 620 in 
20 accordance with the present invention. Catheter 620 has a distal end 630, a proximal end 
640, and a shaft assembly 622. Shaft assembly 622 comprises a first elongate shaft 624 
having a distal end 634, a proximal end 644, and an inner surface 654 defining a lumen 
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632. Shaft assembly 622 also includes a second elongate shaft 626 slidingly disposed 
within lirnien 632 of first elongate shaft 624. 

Second elongate shaft 626 has an outer surface 638, a distal end 636, and a 
proximal end 646. In many apphcations it is desirable to advance distal end 636 of 

5 second elongate shaft 626 by a known distance relative to distal end 634 of first elongate 
shaft 624. In the embodiment of figure 8, a plurality of indicia 652 are disposed on outer 
surface 638 of second elongate shaft 626 proximate a point 658 of second elongate shaft 
626. In a preferred embodiment, indicia 652 are comprised of a radiopaque material. 
Examples of materials which may be suitable in some applications include gold, 

10 platinum, tungsten, iron, silver, and thermoplastic material loaded with a radiopaque 
filler. Examples of radiopaque filler which may be suitable in some applications include 
barium sulfate, bismuth subcarbonate, bismuth trioxide, bismuth oxychloride, bismuth 
subcarbonate, tungsten, and depleted uranium. 

A radiopaque reference 680 is disposed proximate distal end 634 of first elongate 

15 shaft 624. During surgery a radiopaque reference 680 and indicia 652 may be viewed on 
a fluoroscopy screen. The image viewed on the fluoroscopy screen may be utilized to 
determine the depth which point 658 has penetrated into the target tissue. 

Figure 9 is a cross sectional view of a distal portion 782 of a catheter 720 in 
accordance with the present invention. Catheter 720 comprises a first elongate shaft 724 

20 having an inner surface 754 defining a lumen 732. A ferrule 784 is disposed within 
lumen 732 proximate a distal end 734 of first elongate shaft 724. In a preferred 
embodiment, ferrule 784 is fixed to first elongate shaft 724. A needle 786 is shdingly 
disposed within a ferrule lumen 794 defined by ferrule 784. A piston member 788 is 


20 


disposed about a proximal portion 790 of needle 786. Piston member 788 forms a sliding 
seal with inner surface 754 of first elongate shaft 724. A spring 792 is disposed within 
lumen 732 of first elongate shaft 724. In the embodiment of figure 9, the distal end of 
spring 792 is seated against ferrule 784 and the proximal end of spring 792 is seated 

5 against piston member 788. 

In figure 9, a fluid 790 is disposed within lumen 732 of first elongate shaft 724 
and a needle lumen 796 defined by needle 786. Catheter 720 of figure 9 may be utiUzed 
to inject fluid 790 into a target tissue. A fluid source may be utilized to urge additional 
fluid 790 into lumen 732 of first elongate shaft 724 and a needle lumen 796 defined by 

10 needle 786. In a preferred method, the additional fluid 790 is urged into lumen 732 with 
a velocity which is sufficient to create a pressure differential across piston member 788. 
In this preferred method, the pressure differential across piston member 788 is sufficient 
to compress spring 792 and urge an injection port 760 of needle 786 into the target tissue. 
In this manner a dose of fluid 790 may be injected into the target tissue. When the flow 

15 of fluid 790 stops, spring 792 will urge piston member 788 back to the position shown in 
figure 9. 

Those of skill in the art will appreciate that many embodiments of the fluid source 
are possible without deviating from the spirit and scope of the present invention. For 
example, the fluid source may include a variable volume chamber in fluid 
20 communication with lumen 732 of first elongate shaft 724. In this exemplary 
embodiment, the fluid source may further include a plunger slidingly disposed within the 
variable volume chamber. Urging the plunger distally preferably has the effect of urging 
fluid into lumen 732 of first elongate shaft 724. A number of energy sources may be 
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utilized to urge the plunger distally. Energy sources which may be suitable in some 
applications include springs, compressed gas, a human being, and electricity. 

Figure 10 is a plan view of a catheter 920 in accordance with the present 
invention. Catheter 920 includes a distal end 930, a proximal end 940, and a shaft 

5 assembly 922. Shaft assembly 922 comprises a first elongate shaft 924 having a distal 
end 934, a proximal end 944, and an inner surface 954 defining a lumen 932. Shaft 
assembly 922 also includes a second elongate shaft 926 shdingly disposed within lumen 
932 of first elongate shaft 924. A third elongate shaft 970 is slidingly disposed within a 
lumen defined by second elongate shaft 926. In the embodiment of figure 10, a proximal 

10 portion 945 of second elongate shaft 926 extends beyond proximal end 944 of first 
elongate shaft 924. Proximal portion 945 of second elongate shaft 926 terminates with a 
proximal end 946. Also in the embodiment of figure 10, a slider 942 is fixed to second 
elongate shaft 926 proximate proximal end 946 thereof A portion of slider 942 is 
disposed within a cavity 948 defined by a housing 950. In a presently preferred 

15 embodiment, housing 950 is fixed to first elongate shaft 924 proximate proximal end 944 
thereof Also in a preferred embodiment, a plurality of indicia 952 are disposed on a face 
954 of housing 950 proximate shder 942. 

Figure 1 1 is a partial cross section view of a distal portion of catheter 920 of 
figure 10. As described previously, catheter 920 includes a first elongate shaft 924, a 

20 second elongate shaft 926, and a third elongate shaft 970. In a preferred embodiment, 
third elongate shaft 970 forms a point 958 proximate a distal end 976 thereof Third 
elongate shaft 970 also defines an injection port 960 in fluid communication with an 
injection lumen. A flange 972 is disposed about third elongate shaft 970. Flange 972 


22 


cooperates with a mechanical stop 974 in order to Umit the travel of third elongate shaft 
970. In a preferred embodiment, mechanical stop 974 is fixed to second elongate shaft 
926 proximate distal end 936 thereof. The depth which third elongate shaft 970 will 
penetrate into a target tissue (e.g., a heart wall) may be adjusted by moving distal end 936 

5 of second elongate shaft 926 a known distance relative to distal end 934 of first elongate 
shaft 924. For example, a physician utilizing catheter 920 may urge slider 942 distally 
while visually observing the travel of shder 942 relative to indicia 952 of housing 950. In 
a preferred embodiment there is substantially a one-to-one relationship between the 
movement of slider 942 relative to indicia 952 of housing 950 and the movement of distal 

10 end 936 of second elongate shaft 926 relative to distal end 934 of first elongate shaft 924. 
In the embodiment of figure 11, there is, preferrably, interference fit between first 
elongate shaft 924 and second elongate shaft 926 to eliminate any slop. 

Figure 12 is a partial cross section view of a distal portion of catheter 920 of 
figure 10 and figure 11. In the embodiment of figure 12, distal end 936 of second 

15 elongate shaft 926 has been moved to a new position relative to distal end 934 of first 
elongate shaft 924. The position of second elongate shaft 926 illustrated in figure 12 may 
be referred to as a second position, and the position of second elongate shaft illustrated in 
figure 11 may be referred to as a first position. It is to be appreciated that second 
elongate shaft 926 may be urged proximally and distally to a plurahty of positions. An 

20 injection may be performed by urging point 958 of third elongate shaft 970 distally into a 
target tissue. The advancement of third elongate shaft 970 into the target tissue may be 
stopped when flange 972 seats against mechanical stop 974. 
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Having thus described the preferred embodiments of the present invention, those 
of skill in the art will readily appreciate that yet other embodiments may be made and 
used within the scope of the claims hereto attached. Numerous advantages of the 
invention covered by this document have been set forth in the foregoing description. It 
5 will be understood, however, that this disclosure is, in many respects, only illustrative. 
Changes may be made in details, particularly in matters of shape, size, and arrangement 
of parts without exceeding the scope of the invention. The invention's scope is, of 
course, defined in the language in which the appended claims are expressed. 
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What is claimed is: 

1 . A catheter shaft assembly, comprising: 

a first elongate shaft having an inner surface defining a lumen; 

a second elongate shaft shdingly disposed within the lumen of the first elongate 

shaft; 

at least one interstitial member disposed between the inner surface of the first 
elongate shaft and the outer surface of the second elongate shaft. 

2. The catheter shaft assembly of claim 1, wherein the at least one interstitial 
member comprises a projection extending beyond the outer surface of the second 
elongate shaft. 

3. The catheter shaft assembly of claim 1, wherein the at least one interstitial 
member comprises a projection extending beyond the inner surface of the first elongate 
shaft, 

4. The catheter shaft assembly of claim 1, wherein the at least one interstitial 
member comprises a coil. 

5. The catheter shaft assembly of claim 1, wherein the at least one interstitial 
member comprises a coil disposed between the inner surface of the first elongate shaft 
and the outer surface of the second elongate shaft. 
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6. The catheter shaft assembly of claim 1, wherein the at least one interstitial 
member comprises a radial rib extending beyond the inner surface of the first elongate 
shaft. 

7. The catheter shaft assembly of claim 1, wherein the at least one interstitial 
member comprises a plurahty of longitudinal ribs extending beyond the inner surface of 
the first elongate shaft. 

8. A catheter, comprising: 

a first elongate shaft having an inner surface defining a lumen; 

a second elongate shaft slidingly disposed within the lumen of the first elongate 

shaft; 

at least one interstitial member disposed between the inner surface of the first 
elongate shaft and the outer surface of the second elongate shaft; 

a hub disposed about the first elongate shaft proximate the proximal end thereof; 

a slider disposed about the second elongate shaft proximate a proximal portion 
thereof; and 

wherein the slider is disposed within a chamber defined by the hub. 

9. The catheter of claim 8, wherein the at least one interstitial member comprises 
a projection extending beyond the outer surface of the second elongate shaft. 
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10. The catheter of claim 8, wherein the at least one interstitial member 
comprises a projection extending beyond the inner surface of the first elongate shaft. 

11. The catheter of claim 8, wherein the at least one interstitial member 
comprises a coil. 

12. The catheter of claim 8, wherein the at least one interstitial member 
comprises a coil disposed between the inner surface of the first elongate shaft and the 
outer surface of the second elongate shaft. 

13. The catheter of claim 8, wherein the at least one interstitial member 
comprises a radial rib extending beyond the inner surface of the first elongate shaft. 

14. The catheter of claim 8, wherein the at least one interstitial member 
comprises a plurality of longitudinal ribs extending beyond the inner surface of the first 
elongate shaft. 

15. A catheter shaft assembly, comprising: 

a first elongate shaft having an inner surface defining a lumen; 

a second elongate shaft slidingly disposed within the lumen of the first elongate 

shaft; 

at least one interstitial member disposed between the inner surface of the first 
elongate shaft and the outer surface of the second elongate shaft; 
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a hub disposed about the first elongate shaft proximate the proximal end thereof; 
a slider disposed about the second elongate shaft proximate a proximal portion 
thereof; 

wherein the shder is disposed within a chamber defined by the hub; 

a plurahty of indicia disposed upon a surface of the hub proximate the shder; 

the second elongate shaft forming a point at the distal end thereof; 

the second elongate shaft defining an injection port proximate the point thereof; 

the second elongate shaft defining an injection lumen in fluid conamunication 
with the injection port; 

the injection lumen being in fluid communication with a fluid source; and 

wherein the fluid source is capable of injecting fluid into the injection lumen of 
the second elongate shaft. 

16. The catheter of claim 15, wherein the at least one interstitial member 
comprises a projection extending beyond the outer surface of the second elongate shaft. 

17. The catheter of claim 15, wherein the at least one interstitial member 
comprises a projection extending beyond the inner surface of the first elongate shaft. 

18. The catheter of claim 15, wherein the at least one interstitial member 
comprises a coil. 
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19. The catheter of claim 15, wherein the at least one interstitial member 
comprises a coil disposed between the inner surface of the first elongate shaft and the 
outer surface of the second elongate shaft. 

20. The catheter of claim 15, wherein the at least one interstitial member 
comprises a radial rib extending beyond the inner surface of the first elongate shaft. 
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Abstract of the Disclosure 
A catheter shaft assembly is disclosed. A catheter shaft in accordance with the 
present invention comprises a first elongate shaft having an inner surface defining a 
lumen, a second elongate shaft sKdingly disposed within the lumen of the first elongate 
shaft, at least one interstitial member disposed between the inner surface of the first 
elongate shaft and the outer surface of the second elongate shaft. 
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COMBINED DECLARATION/POWER OF ATTORNEY FOR PATENT APPLICATION 


As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe that I am the original, first and sole inventor (if only one name is Usted below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled CATHETER SHAFT 
ASSEMBLY the specification of which (check one): 

X is attached hereto 


was filed on 

as U.S. AppUcation 
Serial No. 

and was amended on (if 

applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §1. 56(a). 

I hereby claim foreign priority benefit(s) under Title 35, United States Code §119 (a)-(d) of any 
foreign application(s) for patent or inventor^s certificate or of any PCT intemational application(s) 
designating at least one country other than the United States of America listed below and have also 
identified below any foreign application(s) for patent or inventor's certificate or of any PCT 
intemational application(s) designating at least one country other than the United States of America 
filed by me on the same subj ect matter having a filing date before that of the appUcation(s) of which 
priority is claimed: 

Prior Foreign Application(s) 

Number : 

Country : 

Day/MonthAi'ear Filed : 

Priority (yes/no) : 


1 


Number : 
Country : 
Day/Month/Year Filed : 
Priority (yes/no) : 

I hereby claim the benefit under Title 35, United States Code, §1 19(e) of any United States 
provisional application(s) as listed below: 

Provisional AppUcation No. : 
Filing Date : 

Provisional Application No . : 
Filing Date : 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) or PCT international applications designating the United States of America that is/are 
Usted below and, insofar as the subject matter of each of the claims of this apphcation is not 
disclosed in the prior appUcation(s) in the manner provided by the first paragraph of Title 35, United 
States Code, §112,1 acknowledge the duty to disclose information that is material to patentability as 
defined in Title 37, Code of Federal Regulations, § 1 .56 and that which occurred between the filing 
date of the prior application and the national or PCT international filing date of this application: 

Apphcation Serial No. : 
Filing Date : 
Status (patented, pending, abandoned) 

Apphcation Serial No. : 
Filing Date : 
Status (patented, pending, abandoned) : 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or 
agent(s) to prosecute this apphcation and transact all business in the Patent and Trademark Office 
connected therewith. 

David M. Crompton, Reg. No. 36,772; 
Glenn M. Seager, Reg. No. 36,926; 
Brian N. Tufte, Reg. No. 38,638; 
Craig F. Taylor, Reg. No. 40,199; 
Robert E. Atkinson, Reg. No. 36,433; 
Allen W. Groenke, Reg. No. 42,608; 
Thomas L. McMasters, Reg. No. 45,593; 
Luke Dohmen, Reg. No. 36,783; 
Peter J. Gafiier, Reg. No. 36,517; 
Todd P. Messal, Reg. No. 42,883; and 
Robert M. Ranker, Reg. No. 40,782. 
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Send correspondence to: 


Glenn M. Seager 

CROMPTON, SEAGER & TUFTE, LLC 
331 Second Avenue South, Suite 895 
Minneapolis, Minnesota 55401-2246 
(612) 677-9050 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon, I further declare that I understand the content of this declaration. 


Full name of sole or first inventor: Scott Larson 

Residence: St. Louis Park, MN Citizenship: U.S.A. 

Post Office Address: 9108 - West 22"^ Street, St. Louis Park, MN 55426 




Inventor's Signature / . ^..^^^^^^ Date ,</y?-csoo 


Full name of second or joint inventor: Justin Crank 

Residence: Minneapolis, MN Citizenship: U.S.A 

Post Office Address: 1075 - 17* Avenue S.E., MinneapoUs, MN 55414 


Inventor's Signature ^ ^^y^.^f^ /^^.g^^g^ Date <r^/lC>/2OO0 



Full name of third or joint inventor: Matthew Hawk 

Residence: Otsego, MN Citizenship: U.S.A. 

Post Office Address: 8765 Palmgren Avenue N.E., Otsego, MN 55330 

Inventor's Signature y^aZiZ^.- ^P^^^ Dat e :$/3l/^ 

Full name of fourth or joint inventor: Bradley Slaker 

Residence: Greenfield, MN Citizenship: U.S.A 

Post Office Address: 5310 Salem Lane, Greenfield, MN 55357 

Inventor's Signature 451^ ^A^v Date 6 /o/^QOQ 
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1,56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a pubUc interest. The public interest is best served, and the most 
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and 
evaluates the teachings of all information material to patentability. Each individual associated with the filing and 
prosecution of a patent application has a duty of candor and good faith in dealing with the Office, which includes a duty 
to disclose to the Office all information known to that individual to be material to patentability as defined in this section. 
The duty to disclose information exists with respect to each pending claim until the claim is cancelled or withdrawn 
from consideration, or the appHcation becomes abandoned. Information material to the patentability of a claim that is 
cancelled or withdrawn from consideration need not be submitted if the information is not material to the patentability of 
any claim remaining under consideration in the application. There is no duty to submit information which is not 
material to the patentability of any existing claim. The duty to disclose all information known to be material to 
patentability is deemed to be satisfied if all information known to be material to patentability of any claim issued m a 
patent was cited by the Office or submitted to the Office in the manner prescribed by § § 1 .97(b)-(d) and 1.98. However, 
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or 
the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart appUcation, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent 
application believe any pending claim patentably defmes, to make sure that any material information contained therein is 
disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information akeady 
of record or being made of record in the appHcation, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a 

claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability reHed on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claunits broadest 
reasonable construction consistent with the specification, and before any consideration is given to evidence which may 
be submitted in an attempt to estabHsh a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this 
section are: 

(1) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and 
who is associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the 
application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing 
information to the attorney, agent, or inventor. 
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